
~~ ~ 

NASA Technical Memorandum 4018 

Integration Effects of D-Shaped, 
Underwing, Aft-Mounted, 
Separate-Flow, Flow-Through 
Nacelles on a High-Wing Transport 

Milton Lamb, John R. Carlson, 
and Odis C. Pendergraft, Jr. 
LangZey Research Center 
Hampton, Virginia 

National Aeronautics 
and Space Administration 

Scientific and Technical 
Information Division 

1987 



Introduction 
In a continuing effort to reduce the installation 

drag of nacelle/pylon combinations, several experi- 
mental investigations were conducted in the Langley 
16-Foot Transonic Tunnel on various nacelle/pylon 
configurations installed on a high-wing, wide-body 
transonic transport model. A comparison of the 
installation drag of aft-mounted, mixed-flow, flow- 
through nacelles having circular and D-shaped in- 
lets was made in reference 1. It was shown that 
the D-shaped inlet configuration had lower installa- 
tion drag. It was also noted in reference 1 that the 
aft-mounted circular nacelle had lower installation 
drag than a comparable forward-mounted nacelle. 
However, the mixed-flow nacelles were considered to 
be unrealistically long for the transport applications 
considered. The original nacelles were assumed to be 
those required for a small STOL transport. There- 
fore, additional tests were conducted with conven- 
tional circular, separate-flow , flow-through, forward- 
and aft-mounted nacelles (ref. 2). Again, it was 
shown that the aft-mounted nacelle/pylon had lower 
installation drag. To complete this study, an experi- 
mental investigation was conducted with a D-shaped, 
aft-mounted, separate-flow, flow-through nacelle. 

For the present investigation, a new fan cowl was 
designed to have the same length and internal areas 
as the fan cowl of reference 2 and to have a D-shaped 
inlet that transitioned to a circular shape. This 
new fan cowl was combined with the existing core 
cowl of reference 2 and was tested as an aft-mounted 
nacelle/pylon configuration. Data were obtained for 
a free-stream Mach number range from 0.70 to 0.82 
over an angle-of-attack range from -3.0' to 4.0'. 
The design cruise conditions were a free-stream Mach 
number of 0.80 and a lift coefficient of 0.45. 

Symbols and Abbreviations 
wingspan, 63.121 in. 

buttline of model (lateral dimension), in. 

chord measured 
in. 

mean geometric 

drag coefficient, 

in wing reference plane, 

chord, 9.107 in. 

installed drag coefficient, CD,WBNP 
- CD,WB 

lift coefficient, 3 
pitching-moment coefficient, 
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pressure coefficient, ( p  - poo)/qoo 
fuselage station (axial dimension, positive 
downstream from model nose), in. 

free-stream Mach number 

nacelle buttline, in. 

nacelle station (axial dimension, positive 
downstream from nacelle lip), in. 
local static pressure, ;-z lb 

lb free-stream static pressure, 7 
in 

Ib free-stream dynamic pressure, 7 
in 

core cowl radius, in. 

wing reference area, 529.59 in2 

half-thickness of pylon, in. 

fuselage waterline, in. 
wing reference plane (fig. l(a)) 

local axial dimension, positive down- 
stream, in. 

local lateral dimension, positive to the 
right, in. 

local vertical dimension, positive up, in. 

angle of attack, deg 

wing semispan location, 

circumferential angular measurements for 
nacelle orifice locations (fig. 3(a)), deg 

in 

-Y 

Model components: 

B body 
N nacelle 

P pylon 
W wing 

Experimental Apparatus and Procedure 
Wind Tunnel 
The experimental mvestigation was conducted in 

the Langley &Foot Transonic Tunnel. This tunnel is 
an atmospheric, transonic, single-return tunnel with 
continuous air exchange and is capable of operating 
at Mach numbers from 0.20 to 1.30. A detailed 
description of the tunnel is presented in references 3 
and 4. 

Model and Support System 
The 1/24-scale wing-body model, representative 

of a wide-body transport, is shown in figure l(a) and 



a photograph of the complete model installed in the 
l6-Foot Transonic Tunnel is shown in figure l(b). 
The model was mounted on a sting-supported, six- 
component strain-gage balance. The wing had super- 
critical airfoil sections and was located in a high-wing 
position. 

Details of the fuselage, wing, and wing pressure 
orifice locations are given in references 1 and 5. The 
location of the nacelle/pylon and the rows of pressure 
orifices just inboard and outboard of the nacelle are 
shown in figure 2. 

The short duct, separate-flow nacelles of the 
present investigation consisted of a fan cowl and a 
core cowl. The details of the core cowl are given in 
figure 3(a). The fan cowl was designed to have the 
same length and internal areas as the fan cowl of 
reference 2 and to have a D-shaped inlet that tran- 
sitioned to a circular shape. The fan cowl is shown 
in figure 3(b). The internal and external contours of 
the fan cowl below WL 1.250 were semicircular. The 
internal contour above WL 1.250 began as a rectan- 
gular shape that faired into a semicircular shape at  
nacelle station 3.610 and continued as a semicircu- 
lar shape to the base of the cowl (NS 6.109). The 
external contour above WL 1.250 was a rectangular 
shape up to the wing trailing edge and then faired 
into a semicircular shape at the base of the fan cowl. 
Three typical cross-sectional shapes are shown in fig- 
ure 3(b). Since the fan cowl was symmetrical with 
respect to the 5-z plane, only the coordinates for the 
external and internal geometry of the right-hand side 
of the fan (positive y direction) are given in tables I 
and 11, respectively. 

A typical section and coordinates of the fan cowl 
bottom centerline lip are also shown in figure 3(b). 
A portion of the fan cowl was cut away to match the 
wing lower surface contour as shown by the cross- 
hatched region of figure 3(b). 

The diverter shown in figure 2 was the same as 
used in reference 2. The pylon and that part of the 
fan cowl extending above the wing upper surface are 
shown in figure 4. 

Instrumentation and Data Reduction 
The model aerodynamic force and moment data 

were obtained by an internally mounted, six- 
component strain-gage balance. The model static 
pressures were measured by eight electronically 
scanned pressure transducer units located in the 
model nose to reduce the lag time required between 
data points. Sting cavity pressures were measured by 
individual remotely located strain-gage transducers. 
The attitude of the model was determined by using 
an accelerometer-type'angle-of-attack measuring de- 
vice located in the model. 

All wind-tunnel parameters and model data were 
recorded simultaneously on magnetic tape. Except 
for electronically scanned pressure transducer pres- 
sures, averaged values were used to compute all pa- 
rameters. The model angle of attack was corrected 
for tunnel upflow, which was determined from in- 
verted model runs in a previous tunnel test (ref. 5). 
Sting cavity pressures were used to correct the lon- 
gitudinal balance components for pressure forces in 
the sting cavity. Since the pressures measured inside 
the nacelles were not different from those of refer- 
ence 2, the drag data were corrected with the inter- 
nal drag corrections obtained in reference 2 for the 
aft-mounted nacelle. 

Skin-friction drag was calculated with the method 
of Frank1 and Voishel (ref. 6) for compressible, turbu- 
lent flow over a flat plate. The forces and moments 
were transferred to the model moment center-the 
quarter-chord point of the mean geometric chord on 
waterline 0.0. 

Tests 
This experimental wind-tunnel investigation was 

conducted in the Langley l6-Foot Transonic Tunnel 
at free-stream Mach numbers from 0.70 to 0.82 and 
Reynolds numbers from approximately 2.5 x lo6 to 
3.0 x lo6 based on the mean geometric chord of the 
wing. The model angle of attack varied from -3.0' 
to 4.0'. Boundary layer transition on the model was 
fixed with a grit transition-strip procedure (ref. 7). 
A 0.1-in.-wide strip of No. 100 carborundum grains 
was attached 1.0 in. behind the nose of the fuselage. 
Strips of No. 90 and No. 80 grains were applied 
on the upper and lower wing surfaces as shown in 
figure 11 of reference 1. The transition strips were 
located further rearward than usual in an effort to 
more nearly simulate the aerodynamic behavior of 
the wing at full-scale Reynolds numbers (ref. 8). A 
0.1-in.-wide strip of No. 120 grit was placed 0.375 in. 
aft of the nacelle lip of the fan and core cowls on the 
external and internal surfaces. 

Results and Discussion 
The longitudinal aerodynamic characteristics are 

presented in figure 5 over the Mach number range. 
The addition of the nacelle/pylon resulted in in- 
creases in drag and lift over that of the wing-body 
configuration. The increase in lift associated with 
the addition of the nacelle/pylon is common for the 
aft-mounted nacelles (see refs. 1 and 2). The installed 
drag coefficient (ACD = CD,WBNP - CD,WB) is 
presented in figure 6 for M = 0.80 and CL = 0.45 
and is compared with the installed drag of the aft- 
mounted circular nacelle/pylon configuration of ref- 
erence 2. The unshaded area indicates the amount 
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of installed drag that may be attributed to the cal- 
culated nacelle/pylon skin-friction drag. The shaded 
area represents the combined value of form and inter- 
ference drag. It should be noted that the two config- 
urations had essentially the same installed drag, but 
the D-shaped nacelle had slightly less skin-friction 
drag, hence slightly more interference and form drag. 
In both configurations, the interference and form 
drag was considered to be excessively high. The wing 
chordwise pressure distributions at span stations in- 
board and outboard of the nacelle/pylon centerline 
(q  = 0.370) are presented in figure 7 for M = 0.80 
and C, x 0.43. The data for the aft-mounted nacelle 
configuration of reference 2 are also shown. The in- 
stallation of the circular nacelle increased the wing 
lower surface pressure coefficients ahead of the na- 
celle (i.e., reduced velocity), which increased the lift. 
The addition of the D-shaped nacelle further in- 
creased pressures (decreased velocity) ahead of the 
nacelle inlet. However, near and behind the inlet, 
the D-shaped nacelle produced a substantial region 
of supersonic flow (Cp 5 -0.435). The net result was 
an increase in interference and form drag relative to 
the circular nacelle of reference 2 (see fig. 6). With 
proper nacelle alignment, it may be possible that the 
region of supersonic flow could have been reduced to 
result in an overall reduction in drag. 

Summary of Results 
An experimental investigation has been con- 

ducted in the Langley 16-Foot Transonic Tunnel at 
free-stream Mach numbers from 0.70 to 0.82 and 
angles of attack from -3.0' to 4.0' to determine 
the integration effects of D-shaped, underwing, aft- 
mounted, separate-flow, flow-through nacelles on a 
high-wing, transonic transport configuration. The 
results are summarized as follows: 

1. The aft-mounted nacelle/pylon produced an in- 
crease in lift over that of the wing-body config- 
uration by pressurizing much of the wing lower 
surface in front of the pylon. 

2. For the D-shaped nacelle, the substantial region 
of supersonic flow over the wing, aft of the lip of 

the nacelle, cancelled the reduction in drag caused 
by the increase in pressures ahead of the lip, 
to increase interference and form drag compared 
with a similar circular-shaped nacelle. 

3. The installed drag of the D-shaped nacelle was 
essentially the same as that of an aft-mounted 
circular nacelle from a previous investigation. 

NASA Langley Research Center 
Hampton, VA 23665-5225 
October 29, 1987 
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Figure 2. Nacelle/pylon location. Linear dimensions are in inches. 
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Inboard I- 

' ~nternal contour 
NS r 

4.646 1.168 
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4.655 1.134 
4.663 1.120 
4.674 1.107 
4.695 1.088 
4.723 1.070 
4.755 1.054 
4.792 1.039 
4.833 1.026 
4.877 1.015 
4.941 1.004 
4.991 0.999 
5.043 0.996 
5.078 0.996 
8.542 0.996 

External contour - 
NS 
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4.736 
4.747 
4.769 
4.803 
4.825 
4.870 
4.915 
4.949 
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5.083 
5.139 
5.184 
5.206 
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1.415 
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1.429 
1.434 
1.434 
1.435 
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(a) Core cowl. 

re external radius 

ri internal radius 

NS External pressure orifices at @ of 1k-1 
6.785 
7.461 
8.174 

Internal pressure orifices located at NS 6.409 
for @ of Oo, 90°, 180' and 270° 

Figure 3. Details of nacelles. Linear dimensions are in inches. 
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(b) Basic fan cowl. 

Figure 3. Concluded. 
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(a) M = 0.70. 

Figure 5. Effect of nacelle/pylon on longitudinal aerodynamics characteristics. 
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Figure 5.  Continued. 
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Figure 5.  Continued. 
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Figure 5. Continued. 
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Figure 6. Installed drag coefficient at M = 0.80 and CL = 0.45. 
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